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Abstract

The primary aim of this study was to determine the transdermal penetration of acetylsalicylic acid and some of its derivatives, to establis
correlation, if any, with selected physicochemical properties and to determine if transdermal application of acetylsalicylic acid andissderivat
will give therapeutic drug concentrations with respect to transdermal flux. Ten derivatives of acetylsalicylic acid were prepared by esterificati
of acetylsalicyloyl chloride with ten different alcohols. The experimental aqueous solubilit®, &gl transdermal flux values were determined
for acetylsalicylic acid and its derivatives at pH 4.5. In vitro penetration was measured through excised female human abdominal skin in diffusi
cells. The experimental agueous solubility of acetylsalicylic acid (6.56 mg/ml) was higher than that of the synthesised acetylsalicylatsderivati
(ranging from 1.76< 102 to 3.32 mg/ml), and the loB of acetylsalicylic acid£0.85) was lower than that of its derivatives (ranging fre.25
to 1.95). There was thus an inverse correlation between the aqueous solubility data andthvallees. The experimental transdermal flux of
acetylsalicylic acid (263.83 nmol/crh) was much higher than that of its derivatives (ranging from 0.12 to 136.02 nnfdijcm
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cross the stratum corneuiddrrison et al., 1996 The lipophilic
stratum corneum is responsible for the primary barrier function
The skin is the most extensive and readily accessible organ iof the skin and provides an extensive challenge to scientists in
the body. In an average adult it covers an area of about 1273 ntheir pursuit to develop drugs for transdermal delivePgfile
and receives one third of circulating blood through the body aand Smith, 199y
any given time. The potential of using intact skin as the site of Acetylsalicylic acid {) possesses anti-inflammatory, anal-
administration for dermatological preparations to elicit pharmagesic and antipyretic activityl) is also used in the prevention
cological action in the skintissue has beenwellrecogniBad{  of thromboembolic disorders, reducing the incidence of colon
1962. The permeation of chemicals, toxicants and drugs areancer and it delays the onset of Alzheimer’s disedsse|,
much slower across the skin when compared to other biologic&1001; Giovannucci et al., 1995; Rang and Dale, J9%8e most
membranes in the body, due to the excellent barrier provided byommon adverse effect of occurring with therapeutic doses
the outermost layer of the skin, the stratum cornetfarfison  is gastro-intestinal disturbanceRdynolds, 198 Winek et al.
et al., 1998. The percutaneous delivery of drugs is an effec-(2001)gave the therapeutic blood level df) for analgesic use
tive way of achieving controlled drug delivery. Unfortunately as 20-10Qug/ml (0.11-0.56 mM) and the level for prevention
it is only suitable for a limited number of drugs that possessesf thromboembolic disorders is lower since the dose for these
the appropriate physicochemical characteristics to allow them toonditions is lower.
Transdermal drug delivery offers a few advantages over
oral and parenteral delivery. They include avoiding hepatic
* Corresponding author. Tel.: +27 18 299 2262; fax: +27 18 299 4243, first pass metabolism, maintaining constant blood levels for
E-mail address: fchmg@puknet.puk.ac.za (M. Gerber). longer periods of time, improving bioavailability, decreasing

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/}.ijpharm.2005.11.018



32 M. Gerber et al. / International Journal of Pharmaceutics 310 (2006) 31-36

the administered dose, adverse effects and gastrointestingdPA) was used to adjust the pH of the mobile phase to 2.25. A

side effects, easy discontinuation in case of toxic effects andolume of 10Qul was injected for each of the samples. Recycling

improved patient compliancé/ftragotri, 2000. of the mobile phase did not adversely affect the HPLC analysis.
The aim of this study was to determine the transdermal penezalibration curves were constructed ranging from concentra-

tration of acetylsalicylic acid and some of its derivativd®lsen  tions of 0.125-5.@ug/ml.

and Bundgaard (198@yaluated various esters @) @s potential

prodrugs and found tha2) was not a prodrug fory. 2.3.1. Esterification
To a well-stirred mixture of acetylsalicyloyl chloride (5.96 g,
2. Materials and methods 30.0 mmol) in pyridine (1.2 ml, 14.9 mmol) was added one of 10
different alcohols (excess) to form a clear solution. Stirring was
2.1. Materials continued for 24 h whereafter aqueous HCI (20 ml, 2 M) was

added followed by an excess of dichloromethane. The organic
Acetylsalicyloyl chloride was purchased from Sigma-Aldrich Phase was collected and washed with 5% NalCD ml) and
South Africa Ltd, and HPLC grade acetonitrile was obtainedwater (3x 20 ml). The organic phase was then dried over anhy-
from LabChem South Africa Ltd. All the other reagents anddrous MgSQ@, the dichloromethane removed under vacuum and
chemicals were of analytical grade. the resulting oil collected. The prepared compounds were puri-
fied using column chromatography on silica gel.

2.2. General procedures )
2.3.1.1. Methyl acetylsalicylate (2). A yield of 1.3g (21.7%)

The *H and 13C NMR spectra were recorded on a Varian of white crystalline compound was obtained. m.p. 46@0

Gemini 300 spectrometer in CD&lat a frequency of 300.075 (47—49°C; Nielsen and Bundgaard, 1989C10H1004, 'H
and 75.462 MHz, respectively with tetramethylsilane as internall MR 9 (ppm) 2.32 (s, 3H, H-3), 3.85 (s, 3H, H-3, 7.08 (dd,
standard. The MS spectra were recorded on an analytical véH /=81, 1.1Hz, H-6), 7.28 (ddd, 1H,=7.6, 7.6, 1.2Hz,
7070E mass spectrometer using electron impact (El) at 70 eV'A')’ 7.53 (ddd, 1H/=7.4, 7.4, 1.7Hz, H-5), 8.00 (dd, 1H,

_ 13
as ionisation technique. Melting points were determined by dif¢ = 7-9; 1.7Hz, H-3)°C NMR & (ppm) 20.90 (C-3), 52.08

ferential scanning calorimetry (DSC) with a Shimadzu DSC-SO(C'g)' 123.16 (C-2), 123.76 (C-6), 125.92 (C-4), 131.70 (C-3),
instrument. 133.78 (C-5), 150.68 (C-1), 164.84 (C)1169.57 (C-2). MS

mlz 194 (14.2), 163 (83.0), 153 (92.5), 120 (52.8), 93 (67.0),
2.3. High pressure liquid chromatography (HPLC) 63 (100.0), 43 (49.8).

i i 0
The HPLC system consisted of a HP (Hewlet Packard) Agi_2.3.].2. Ethyl acetylsalicylate (3). A yield of 0.3 g (20.9%) of

- " - . 1
lent 1100 series auto sampler, HP Agilent 1100 series variabl%l(ear’nl:)g T;)Arfa(rtlgseHy;!c;wloﬂ;va:_zg)tglrézdj(,f §i|04|'-|_g)NAI,\A§1
wave detector (VWD) and HP Agilent 1100 series isocratic(q psz J:'7 1H’z H-3) 7'07 (c]d 1H,J:.8 1 1,1H,z H-é) .728
pump. A Phenomenex (Luna C-18u5 250 mmx 4.60 mm) dad ’1H J':7 617 6 ’12'HZ H:4) 7 52.((,jdc.i 1b‘l,:7 4’7'4
column was used together with a Securityguard pre-colum o o A oy ! L N 13 NN D o

; : .7Hz, H-5), 8.00 (dd, 1H/=7.8, 1.8 Hz, H-3)13C NMR §
(Cl'lr?{n“"rf“mxng Em)A'”iTe:t (g?e:]o;"ﬁ”ﬁxf) L”L‘gdgr tto E:donf?_(ppm) 14.17 (C-4, 20.93 (C-3), 61.02 (C-3), 123.57 (C-2),
column fite and the Agtient -hemstation 10 ySIems S0t 53 69 (C-6), 125.88 (C-4), 131.68 (C-3), 133.60 (C-5), 150.55

1.2 ml/min with detection at 225nm while the mobile phasea(e_l)’ 164.47 (C-9, 169.46 (C-2). MS m/z 208 (10.3), 163

compositions and retention times for each of the acetylsalicyliém'?)' 121(95.7), 92 (84.4), 65 (63.8), 43 (90.4), 28 (100.0).

acid derivatives are presentedliable 1 Orthophosphoric acid 2.3.1.3. n-Propyl acetylsalicylate (4). A yield of 0.6g (8.4%)

of clear, yellow oil was obtained,GH1404, *H NMR § (ppm)

Tablel 0.99 (t, 3HJ=7.4Hz, H-8),1.74 (m, 2H, H-4), 2.32 (s, 3H, H-
HPLC conditions 3"),4.21 (t, 2H,J=6.7 Hz, H-3), 7.07 (dd, 1H/=8.1, 1.1 Hz,
Compound Mobile phase Retention time H-6), 7.28 (ddd, 1H/=7.6, 7.6, 1.2 Hz, H-4), 7.53 (ddd, 1H,
H20: acetonitrile  (min) J=7.4,7.4,1.7Hz,H-5),8.00 (dd, 1W=7.8, 1.7 Hz, H-3)13C
Acetylsalicylic acid () 50:50 3.47 NMR § (ppm) 10.38 (C-5, 20.95 (C-3), 22.00 (C-4), 66.66
Methyl acetylsalicylate2) 50:50 6.25 (C-3), 123.56 (C-2), 123.74 (C-6), 125.90 (C-4), 131.66 (C-3),
Ethyl acetylsalicylate3) 50:50 8.65 133.62 (C-5), 150.63 (C-1), 164.50 (C)1169.52 (C-2). MS
Propyi acetylsaloyated 33:67 5.66 mlz 222 (12.8), 181 (80.1), 163 (100.0), 65 (98.2), 41 (80.7), 39
sopropyl acetylsalicylates) 33:67 5.38
n-Butyl acetylsalicylate®) 33:67 7.39 (87'3)' 27 (87'7)'
1-Methylpropy! acetylsalicylate7] 33:67 6.84
Tert-butyl acetylsalicylate§) 33:67 6.77 2.3.1.4. Isopropyl acetylsalicylate (5). A yield of 0.49 (6.6%)
z-;Zr::]yllgﬁftlyéliscegitC)lfgﬁbIatelo) ggg; 1852 of clear, dark yellow oil was obtained 6H1404, 'H NMR 1.32
1-Ethy|)F/)rop))//| acet))lllsalic))//latelﬂ) 33:67 9.15 (d. 6H,J=3.7 Hz, H-4, H-5), 2.32 (s, 3H, H-3), 5.20 (m, 1H,

J=6.3Hz, H-3), 7.06 (dd, 1H/=8.0, 1.1 Hz, H-6), 7.27 (ddd,
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1H,/=7.6,7.6,1.2Hz, H-4),7.51 (ddd, 1A= 7.4,7.4,1.7Hz, (86.4), 120 (100.0); FAB 251 ((M+H 30.5%), 209 (82.0%),
H-5),7.98(dd, 1H/=7.8,1.7 Hz,H-3)'3C NMR§ (ppm) 20.99 163 (55.0%), 138 (63.0%), 121 (100.0%).
(C-3"), 21.82 (C-4, C-5), 68.50 (C-3), 123.63 (C-2), 124.05
(C-6), 125.86 (C-4), 131.64 (C-3), 133.44 (C-5), 150.44 (C-1)2.3.1.9. 1-Methylbutyl acetylsalicylate (10). A yield of 0.2g
164.06 (C-1), 169.41 (C-2). MS m/z 222 (12.5), 180 (99.0), (15.5%) of clear, colourless oil was obtained,s81504, 1H
163 (79.9), 121 (100.0), 92 (88.0), 65 (68.5), 39 (60.2). NMR § (ppm) 0.92 (t, 3H,/=7.3Hz, H-6), 1.30 (d, 3H,

J=6.3Hz, H-7), 1.38 (m, 2H, H-H, 1.60 (m, 2H, H-4), 2.32
2.3.1.5. n-Butyl acetylsalicylate (6). Ayield of 0.59 (7.3%) of (s, 3H, H-3), 5.12 (m, 1H, H-3, 7.07 (dd, 1H/=8.1, 1.1 Hz,
clear, light orange-yellow oil was obtained, 411604, 'H NMR H-6), 7.28 (ddd, 1H/=7.6, 7.6, 1.2Hz, H-4), 7.51 (ddd, 1H,
8 (ppm) 0.95 (t, 3H/=7.4Hz, H-6), 1.43 (m, 2H, H-9,1.70  J=7.4,7.4,1.8Hz, H-5),7.98 (dd, 1#= 7.8, 1.7 Hz, H-3)13C
(m, 2H, H-4), 2.32 (s, 3H, H-8), 4.26 (t, 2HJ=6.7Hz, H-3),  NMR § (ppm) 13.88 (C-§, 18.62 (C-7), 19.95 (C-5), 21.01
7.07 (dd, 1H/=8.1, 1.1Hz, H-6), 7.28 (ddd, 1H=7.6, 7.6, (C-3"), 38.15 (C-4), 71.65 (C-3), 123.70 (C-2), 124.06 (C-6),
1.2 Hz, H-4), 7.53 (ddd, 1H/=7.4, 7.4, 1.7 Hz, H-5), 7.99 (dd, 125.88 (C-4), 131.62 (C-3), 133.44 (C-5), 150.53 (C-1), 164.14
1H,7=7.8, 1.7 Hz, H-3)13C NMR 13.66 (C-6), 19.15 (C-5),  (C-1), 169.46 (C-2). MSmlz 250 (7.9), 208 (88.4), 163 (83.1),
20.95 (C-3), 30.67 (C-4), 64.94 (C-3), 123.55 (C-2), 123.74 139 (58.1), 121 (100.0), 92 (80.9), 65 (58.2).
(C-6), 125.89 (C-4), 131.66 (C-3), 133.61 (C-5), 150.64 (C-1),
164.49 (C-1), 169.51 (C-2). MS m/z 194 (100.0), 138 (96.3), 2.3.1.10. I-Ethylpropyl acetylsalicylate (11). A yield of 0.2g
121 (92.3), 92 (74.2), 43 (86.1), 29 (61.3); FAB 237 (M¥PH (10.9%) of clear, colourless oil was obtained 481504, 1H
30.0%), 195 (78.0%), 163 (54.0%), 149 (31.5%), 138 (53.0%)NMR § (ppm) 0.92 (t, 6H/=7.5Hz, H-3, H-7'), 1.65 (m, 4H,
121 (100.0%). H-4', H-6'), 2.32 (s, 3H, H-8), 4.96 (m, 1H, H-3, 7.07 (dd,

1H, /=8.1, 1.1Hz, H-6), 7.28 (ddd, 1H,=7.6, 7.6, 1.2 Hz,
2.3.1.6. 1-Methylpropyl acetylsalicylate (7). A yield of 0.6g  H-4), 7.52 (ddd, 1H/=7.4, 7.4, 1.8 Hz, H-5), 8.00 (dd, 1H,
(8.3%) of clear, dark yellow oil was obtainedg4Bl1604, 'H ~ J=7.8, 1.7 Hz, H-3)}3C NMR § (ppm) 9.56 (C-5 C-7), 20.99
NMR § (ppm) 0.94 (t, 3H,J=7.4Hz, H-8), 1.29 (d, 3H, (C-3), 26.47 (C-4, C-6), 77.54 (C-3), 123.75 (C-2), 124.02
J=6.3Hz, H-6), 1.66 (m, 2H, H-4), 2.32 (s, 3H, H-3), 5.04 (C-6), 125.88 (C-4), 131.59 (C-3), 133.44 (C-5), 150.60 (C-1),
(m, 1H, H-3), 7.07 (dd, 1H/=8.0, 1.0 Hz, H-6), 7.28 (ddd, 1H, 164.33 (C-1), 169.47 (C-2). MS m/z 208 (80.7), 163 (94.2),
J=7.6,7.6,1.2Hz, H-4), 7.51 (ddd, 1H=7.4,7.4,1.7Hz, H- 138(98.3),121(100.0),92(74.3), 43 (63.4); FAB 251 (M®H
5), 7.99 (dd, 1H/=7.9, 1.7 Hz, H-3)13C NMR § (ppm) 9.66  23.0%), 209 (10.0%), 181 (16.5%), 163 (35.0%), 139 (21.0%),
(C-5), 19.42 (C-6), 21.01 (C-3), 28.87 (C-4), 73.06 (C-3), 121 (100.0%).
123.70 (C-2), 124.05 (C-6), 125.88 (C-4), 131.62 (C-3), 133.45
(C-5), 150.53 (C-1), 164.16 (C31169.48 (C-2). MSmiz 236  2.4. Physicochemical properties
(9.3), 194 (89.5), 163 (84.7), 121 (100.0), 92 (84.0), 43 (94.9),
29 (71.3). 2.4.1. Solubility determination

The aqueous solubility of acetylsalicylic acid and its deriva-

2.3.1.7. Tert-butyl acetylsalicylate (8). Ayield of 0.59 (7.1%) tives was obtained by preparing saturated solutions in a tris-
of clear, light orange-yellow oil was obtained;4El1604, *H (hydroxymethyl)aminomethane buffer (TRIS) at pH 4.5. The
NMR § (ppm) 1.55 (s, 9H, H4H-5, H-6'), 2.32 (s, 3H, H-8),  slurries were stirred with magnetic bars in a water bath at37
7.04 (dd, 1H/=8.1, 1.2Hz, H-6), 7.26 (ddd, 1H=7.6, 7.6, for 24 h. An excess of solute (oil or crystals) was present at all
1.2Hz, H-4), 7.46 (ddd, 1H/=7.4, 7.4, 1.8 Hz, H-5), 7.89 (dd, times to provide saturated solutions. After 24 h, the solutions
1H,7=7.8, 1.8 Hz, H-3)13C NMR § (ppm) 21.08 (C-3), 28.13  were filtered and analysed directly by HPLC to determine the
(C-4, C-5, C-6), 81.54 (C-3), 123.46 (C-2), 125.41 (C-6), concentration of solute dissolved in the solvent. The experiment
125.77 (C-4), 131.47 (C-3), 132.96 (C-5), 150.12 (C-1), 163.8%vas done in triplicate.
(C-1), 169.39 (C-2). MS m/z 181 (60.6), 163 (100.0), 138
(56.5), 121 (71.2), 43 (57.3); FAB 237 (M +$35.0%), 195 2.4.2. Experimental log D
(87.5%), 163 (61.0%), 149 (32.0%), 138 (55.0%), 121 (100.0%). Equal volumes ofi-octanol and TRIS buffer (pH 4.5) were

saturated with each other under vigorous stirring for at least 24 h.
2.3.1.8. n-Pentyl acetylsalicylate (9). A yield of 0.6g (8.0%) Each of the acetylsalicylic acid derivatives (10 mg/ml) was dis-
of clear, light yellow oil was obtained, GH1g0s, H NMR §  solved in 3 ml pre-saturatedoctanol, stoppered and agitated for
(ppm) 0.90 (t, 3HJ=7.1Hz, H-7), 1.37 (m, 4H, H-5 H-6), 10 min. Subsequently 3 ml pre-saturated TRIS buffer was trans-
1.72 (m, 2H, H-4), 2.32 (s, 3H, H-3), 4.25 (t, 2H,J=6.8Hz, ferredtoassay tubes containing before-mentioned solutions. The
H-3),7.07 (dd, 1H/=8.1, 1.1 Hz, H-6), 7.28 (ddd, 1H=7.6,  tubes were stoppered and agitated for 45 min. Thereafter, they
7.6,1.2Hz, H-4), 7.52 (ddd, 1H=7.4, 7.4, 1.8 Hz, H-5), 7.99 were centrifuged at 4000 rpm for 30 min. Theoctanol and
(dd, 1H,7=7.8, 1.7 Hz, H-3)13C NMR § (ppm) 13.89 (C-7, aqueous phases were separately analysed by HPLC. The aque-
20.97 (C-3), 22.30 (C-6), 28.07 (C-5), 28.34 (C-4), 65.25 ous phase was analysed directly by HPLC andteetanol
(C-3), 123.58 (C-2), 123.75 (C-6), 125.91 (C-4), 131.67 (C-solutions were diluted 1:1000 with acetonitrile (solvent) prior
3), 133.61 (C-5), 150.65 (C-1), 164.51 (O;1169.53 (C-2).  to being analysed by HPLC. The Iégvalues (log (octanol: pH
MS m/z 209 (75.1), 208 (94.9), 163 (77.7), 138 (90.2), 1214.5 buffer partition coefficient)) were calculated as logarithmic
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ratios of the acetylsalicylic acid derivative concentrations in theSpecial care was taken that no air bubbles came between the
n-octanol phase to the concentrations in the TRIS buffer. Théuffer solution and the epidermis. The Franz cells, containing

experiment was done in triplicate. buffer solution, were equilibrated for 1 h in the water bath at
37°C, prior to the addition of the saturated solutions to the

2.5. Permeation experiments donor compartments. Only the receptor compartments were sub-
merged in the water and were equipped with stirring magnets.

2.5.1. Preparation of donor solutions After a period of 1 h, 1.0 ml of freshly prepared saturated solu-

Donor solutions of the acetylsalicylate derivatives weregon with an excess oil or crystals were added to each donor
obtained by the equilibration of excess amounts of solute iRompartment, which was immediately covered with Par&film
TRIS buffer (pH 4.5). TRIS buffer was used because over thg, hrevent the evaporation of any constituents from the saturated
period of the experiment the derivatives were stable in it, whileso|ytion for the duration of the experiment. An excess amount of
in phosphate buffer solution (PBS) the derivatives were absen{s|,te was presentin the donor compartments at all times during
after 24 h. The slurries were prepared in stoppered flasks witl,o experimental procedure.
stirring in a water bath at 37C over a period of 24h solvent  The entire receptor volumes were withdrawn and replaced
saturation to occur. An excess amount of solute was present gfih 37°C fresh buffer solution (pH 7.4) after 2, 4, 6, 8, 10
all times. 12 and 24 h. The entire receptor volumes were withdrawn to
252 Ski ) mimic sink conditions as they occur in the human body. The

0.2 SKin preparation experiments were conducted over 24-h periods.

Female human abdominal skin, obtained after cosmetic pro- The withdrawn samples were assayed immediately by HPLC
cedures, was used for the permeation studies. A scalpel was us&’din each case determine the drug concentratior b( the

to_separate the skin from the fa_t layer; _sub_sequently the eF)ideEi’erivative @)—(11) that had permeated the epidermis. In no case
fm|36v(\)/as rﬁmoved bi/j rgt:lqnts ofk:mmelrgosn IPGHPLC water any salicylic acid orI) was observed in the chromatograms of
OrTh sK |%man_an ns OE)I e:s, g ‘ the ski the receptor phase of the derivatives in the TRIS buffer, although
_'Ne epidermis was gently teased away flrom the S Irt2)—(11) showed an extra peak at 1.790-2.170 min in the chro-
W't.h forgeps. Special care was takgn that the |ntegr|ty. of th‘?natogram. The experiment was done until six values within
ep|q§rm|s was not ruptured_, as Fh|s would compromise th 0—40% of one another were obtained. Flux was calculated from
validity of the results. The epidermis was placed in a bath fille he gradient of the cumulative concentration versus time graph.

with HP.LC water and carefully s_,et on Whatn’?aﬁlter PAPET, At least six data points on the steady-state part of the curve were
left to air dry and was wrapped in foil. The foil containing the used

epidermis was stored in a freezerd0°C and was used within
6 months after being prepared. Prior to use, the epidermis was
thawed and visually examined, before it was mounted on thé- Results
Franz diffusion cells.
Table 2
2.5.3. Method for skin permeation
Vertical Franz diffusion cells with 2.0 ml receptor compart- 4. Discussion
ments and 1.0751 cineffective diffusion area was used for
the permeation studies. The epidermal skin layer was carefully. 1. Structures of the products
mounted on the lower half of the Franz cell with the stratum
corneum facing upwards. A clamp was used to fasten the upp@tl.1. I-Methylbutyl acetylsalicylate (10)
and lower parts of the Franz cell together, with the epidermis The MS data (FAB) confirmed the presence of the molecular
separating the donor and receptor compartments. The recepton of (10) atm/z 250, corresponding to a molecular formula of
compartments were filled with isotonic TRIS buffer (pH 7.4). C14H1804. The molecular ion was not observed in the electron

Table 2

Aqueous solubility, partition coefficient and flux of acetylsalicylic acid and its derivatives

Compound Aqueous solubility (mg/ml) Aqueous solubility (mM) og Flux (wg/cn? h) Flux (nmol/cn? h)
Acetylsalicylic acid 1) 6.56 36.41 —0.85 47.53+ 5.8 263.83
Methyl acetylsalicylate2) 3.26 16.79 -0.25 10.06+ 3.4 51.81
Ethyl acetylsalicylated) 3.32 15.95 0.30 28.32 8.0 136.02
Propyl acetylsalicylated) 1.60 7.20 0.86 1.7% 0.6 8.05
Isopropyl acetylsalicylates) 0.52 2.34 0.75 2.3% 0.6 10.57
n-Butyl acetylsalicylate®) 0.07 0.30 1.32 159 0.3 6.73
1-Methylpropyl acetylsalicylate7] 0.20 0.85 1.23 1.6% 0.4 7.15
Tert-butyl acetylsalicylate§) 0.76 3.22 1.09 7.3& 1.0 30.90
n-Pentyl acetylsalicylatedj 1.76x 1073 0.01 1.95 0.03t 0.0 0.12
1-Methylbutyl acetylsalicylatel() 0.05 0.20 1.64 0.0% 0.03 0.20

1-Ethylpropyl acetylsalicylatel() 0.11 0.44 1.65 0.34 0.1 1.36
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. 1:R=H (28.32uglcn?h), (2) (10.06ug/cn?h) and ) derivatives
O O\R 2:R=CHjs (7.30pg/cn? h) being the only compounds with appreciable
" 3:R=CyHs _ flux. (1) and @) were both crystalline compounds, the rest of the
Oz CH; 4,5:R=n-Csthy, -C3Hy acetylsalicylate derivatives were oils. Therefore, in the supersat-
O Y 6,7, 8: R =n-CyHy, 2:'C4H9- #-C4Ho urated buffer solutionslj and @) had crystals at the bottom of
O 9, 10: R =n-CsHy,, 2°-CsHy the donor phase, on top of the skin, keeping the resultant solu-
11: R = CH(C3Hs),

tion homogenous which may explain the higher flux observed
Fig. 1. Structures of acety|sa|icy|ic acid and its esters. for these Compounds. The other derivatives were found floatiﬂg
on top of the saturated solution, and as there was no stirring in the
donor phase to keep the resultant solution homogenous, the solu-
lar to that of (), except that the signal of the carbonyl Carbontion closestto the skin became unsaturated and this may describe
atom has shifted to a slightly lower magnetic field&t64.14 the de(_:reased flux observed for these _compounds, exge_jb).for(

in the 13C NMR spectrum, while the presence of the methylIfsolutlon of the compound from the oil phase is slow, it is pos-

groups were indicated by signalssat3.88 and 18.62, with the sible that the concentration immediately adjacent to the skin
methine group represented by the péak 21 65. The methy- surface will not be replenish faster than it is absorbed into the
lene groups were indicated by signalsst9 és :;md 38.15. |n  Skin. In this case there will be a depletion of the concentration
the IH NMR spectrum the triplet at 0.92 and the doublet at  that drives the flux. _ -
1.30 represent two methyl groups. The multiplet§ 4t38 and As ageneral rule, a drug substance with an agueous s_olul_:)!llty
1.60 represent two methylene groups, while the signabat2 of less than 1 mg/ml may represgnt a potenua} b|oava|I§b|I|ty
represents the methine group. The structural properties of t oblem. A.d_rug should have optlma}I_ pgrmeatlon and h|ghgst
remaining derivatives were consistent with that tf)(and the flux values if it has reasonable solubility in both water and oils

structures of all the derivative§ig. 1) were determined in the and has a lo@ in the range of 1-2§loan, 1989; Hadgraft,
same fashion -9 1996; Roberts and Sloan, 200@1), (2), and @) had higher

flux values, probably due to the aqueous solubilities (ranging
from 3.32 to 6.56 mg/ml) being higher than 1 mg/n8)) lad an
aqueous solubility close to 1 mg/ml (0.76 mg/ml) and allog

A higher degree of ionisation leads to lower concentrationdetween 1 and 2 (1.09), which could explain the higher flux
of unionised drug available for transdermal penetration. Hencebtained. ¢), (7), (9), (10) and (1) had aqueous solubilities
unionised species permeate the stratum corneum better than ti& less than 1 mg/ml (ranging from 1.%610~3 to 0.20 mg/ml)
ionised form Abdou, 1989; Jack et al., 19911) is a relatively ~ and logD values between 1 and 2 (ranging from 1.09 to 1.95),
strong acidic drug with a pKa of 3.5Flprey, 1979, thus at  leading to lower flux values.

a pH of 3.5 {) is 50% unionised. This provides a problem for ~ Yano et al. (1986)nvestigated the skin permeability of eight
transdermal application, for if the pH is lower than 4.5 it will salicylates, which showed a decrease in absorption with an
irritate the skin. This was the motive for choosing a pH of 4.5,increase in chain length. A series of investigations have been
where () was 9.09% unionised. To compare the synthesisedone on the transdermal delivery @) (The following flux val-
derivatives with {), it was necessary to determine the physio-ues for () were obtained: 21.8+ 3.11pg/cn? h (Feldmann and
cochemical properties at the same pH. Maibach, 197), and in vivo 24.8+ 4.4ug/cn? h and in vitro

The aqueous solubility ofif is higher and the lo§ of (1)is ~ 29.0+ 3.1ug/cn? h (Bronaugh et al., 1992The previous stud-
lower than that of the synthesised acetylsalicylate compoundégs were all performed at neutral pH. In this study the flux 19r (
Table 2shows that in the straight chain seri@3, (3), 4), (6)  Was 47.53k 5.8ug/cn? h at pH 4.5, which is a higher flux value
and ©) the aqueous solubility on a molar basis decreases ariian the values obtained in previous studies. Sibps©9.99%
the logD increases with an increase in alkyl chain length, whichionised at pH 7.4 and 91.91% ionised at pH 4.5, it makes sense
is in accordance with the findings 8bdou (1989) The effect  that the flux values obtained in this study was higher, due to the
of branching in the promoiety leads to an increase in aqueou@ct that () is more unionised.
solubility and a decrease in ldgvalues in the serie$}—(8) and
(9)-(11), but not for @) and ). These results are in agreement

impact mass spectrum. TREC NMR data of {0) were simi-

4.2. Physicochemical properties

with predictions in the literatureS{oan et al., 2003 5. Conclusion
The results indicate that esterification @) (eads to lower o o
aqueous solubilities and higher IBgvalues. These results val- T heacetylsalicylic acid derivatives were successfully synthe-

idate the aqueous solubility data, whereby compounds witf§ised and the structures were verified'byand**C NMR and
higher logD values present with an increased lipophilicity and MS Spectroscopy. The higher flux values of,(2) and §) can

lower aqueous solubility. be due to the aqueous solubilities being higher than 1 mg/ml.
(8) had an aqueous solubility of 0.76 mg/ml and albgf 1.09,
4.3. Transdermal properties which could explain the higher flux. The aqueous solubility val-

ues of the other acetylsalicylate derivatives were far less than
The experimental transdermal flux df)((47.53pg/cn?h) 1 mg/ml, but they had lo@ values between 1-2, which lead to
was much higher than that of its derivatives, with t18 ( lower flux values, due to the fact that the lipophilic compounds
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had difficulty leaving the stratum corneum or for being oils thatinsel, P.A., 2001. Analgesic-antipyretic and anti-inflammatory agents and
were found floating on top of the saturated solution. The more drugs employed in the treatment of gout. In: Hardman, J.G., Limbird,
lipophilic derivatives may exhibit lower flux values thah)( L.E., Molinoff, P.B., Ruddon, W.R., Gillman, A.G. (Eds.), Goodman &

- . Gilman’s The pharmacological Basis of Therapeutics, 10th ed. McGraw-
since they are less water soluble. In this study the flux or ( Hill, New York, p. 2148
was 47.53k 5-8F‘jglcn:|2hat p_H 4-5'Wh_|Ch isahigher fluxvalue jack, L., cameron, B.D., Scott, R.C., Hadgraft, J., 1991. In vitro percuta-
than those obtained in previous studies, due to the facttpat (  neous absorption of salicylic acid: effect of vehicle pH. In: Scott, R.C.,
is more unionised. The flux ofi] is also higher than that of Guy, R.H., Hadgraft, J., Bodde, H.E. (Eds.), Prediction of Percutaneous

any of the derivatives prepared in this study. Their transderma| Penetration. IBC Technical, London, pp. 515-518.
L . Kligman, A.M., Christophers, E., 1963. Preparation of isolated sheets of
application thus has no practical advantage.

human stratum corneum. Arch. Dermatol. 88, 702—705.
Mitragotri, S., 2000. In situ determination of partition and diffusion coef-
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